Pollution characteristics, ecological risk and sources of polycyclic aromatic hydrocarbons (PAHs) in surface sediment from Tuhai-Majia River system, China  by Liu, F. et al.
Procedia Environmental Sciences 13 (2012) 1301 – 1314
1878-0296 © 2011 Published by Elsevier B.V. Selection and/or peer-review under responsibility of School of Environment, Beijing Normal University.
doi:10.1016/j.proenv.2012.01.123
Available online at www.sciencedirect.com
 
 
Procedia 
Environmental 
Sciences 
Procedia Environmental Sciences  8 (2011) 1328–1341 
www.elsevier.com/locate/procedia 
 
 
The 18th Biennial Conference of International Society for Ecological Modelling 
Pollution characteristics, ecological risk and sources of 
polycyclic aromatic hydrocarbons (PAHs) in surface sediment 
from Tuhai-Majia River system, China 
F. Liua, J. Liua*, Q. Chena, B. Wanga, Z. Caob 
aState Key Joint Laboratory of Environmental Simulation and Pollution Control, School of Environmrnt, Beijing Normal University, 
Beijing 100875, China 
bDepartment of Environmental Science and Engineering, Tsinghua University-VEOLIA Enrionment Joint Research Center for 
Advanced Environmental Tehnololgy, Tsinghua Univeristy, Beijing 100084, China 
 
Abstract 
Sixteen polycyclic aromatic hydrocarbons (PAHs) of surface sediment samples collected from 9 sites of the Tuhai-
Majia River system were analyzed. The total PAH concentrations ranged from 311.69 to 3736.32ng/g for dry weight. 
On average, 2-, 3-, 4-, 5- and 6-ring PAHs consisted of 30.19%, 28.48%, 20.22%, 14.73% and 6.38% of total PAHs, 
respectively. The risk quotient (RQ) was used to assess the ecological risk of PAHs. The mean values of RQ(MPCs) 
calculated for individual PAHs were lower than 1.0, with the exception of naphthalene (1.23). RQ∑PAHs calculated for 
samples indicated that Lijiaqiao, Dashanzhen, and Liaocheng City were determined to be at a low risk level, while 
Weiwan was determined to be at a high risk level. The sources of PAHs were evaluated by employing ratios of the 
characteristic molecular markers, indicating that the combustion of fossil fuels and biomass could be the possible 
sources of PAHs. 
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1. Introduction 
Polycyclic aromatic hydrocarbons (PAHs) are widespread environmental contaminants which have 
been extensively studied due to their toxicity, carcinogenicity and mutagenicity [1, 2]. PAHs are formed 
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and emitted primarily during incomplete combustion of organic matter,  and commonly are associated 
with combustion engines, home heating, industrial activities, and biomass burning [3]. Petrogenic PAHs 
are also sources for contamination [4]. PAHs are known to enter aquatic environments through industrial 
and urban discharges, petroleum spills, fossil fuel combustion, and atmospheric sedimentation [5, 6]. Due 
to their low solubility and high lipophilicity, PAHs in water tend to accumulate in bottom sediment [7], 
and act as a long term reservoir. PAHs also can bio-accumulate through the food chain [8], and the 
exposure of humans to PAHs may lead to elevated levels of DNA mutation, reproductive defects, and an 
increased risk of cancer and other adverse health effects [9]. Therefore, the accumulation of PAHs in 
sediment has received much attention [10, 11]. However, existing research on PAHs in the Haihe River 
basin has mainly focused on a few important reaches, such as rivers in Tianjin and Beijing [12-14]. Cao et 
al. detected and analyzed the distribution and ecological risk of PAHs in the Luan River [15] and 
Zhangweinan River [16]. Research focusing on other rivers in the basin has been rarely reported. Up to 
now, there are no integrated and detailed studies on the PAHs of Tuhai-Majia River system. 
The Tuhai-Majia River system is one of the four river systems of Haihe River Basin, with an area of 
3.18×104km2 and a volume of 3.72×109m3. It is located in the southern portion of the Haihe River Basin, 
and is mainly composed of two parallel rivers named Mjia River and Tuhai River. This system represents 
the main agricultural base of the Shangdong province, where intense land utilization has occured. The 
contamination of this river system has been aggravated by the increasing discharge of industrial, 
agricultural, and urban waste water. According to the water resources bulletin of the Haihe River Basin in 
2010, the water quality of the two drinking water resource fields in this region were measured at grade Ⅴ, 
which is suitable only for landscaping and agriculture. However, no research specifically focusing on 
PAH levels in this river system have been reported. As such, identifying the pollution characteristics of 
PAHs of Tuhai-Majia River system represents important work. 
The purposes of this study are: 1) to investigate the concentrations and distribution of PAHs in 
superficial sediment from Tuhai-Majia River system, 2) to evaluate the ecological risk of PAHs by the 
risk quotient (RQ), and 3) to distinguish the possible sources of PAHs with diagnostic ratios. To 
accomplish these goals, sediment samples were collected from locations ranging from upstream to 
estuaries in the Tuhai-Majia River system. Sixteen PAHs, listed as United States Environmental 
Protection Agency (USEPA) priority pollutants were investigated. 
2. Materials and methods 
2.1 Sampling  
The sampling sites are shown in Fig.1. Nine samples of surface sediments were collected during May 
2010. Global positioning system (GPS) was used to locate the sampling sites. Surface sediment samples 
(1~5cm depth beneath the surface) were collected with a grab sampler, and the top 1cm surface layer was 
carefully removed with a stainless steel spoon and stored in aluminum jars. The jars were prewashed with 
methylene chloride, and then properly cooled with ice during transportation to the laboratory where they 
had been stored at -20℃ before being freeze-dried. The dried sediment samples were then sieved to obtain 
particles less than 180µm. At each site, 3 samples were collected within a distance of 5m. Samples in 
triplicates were mixed thoroughly to make a composite sample in order to minimize the degree of within-
site variability, and ensure that the sediment samples collected were truly representative of each site. 
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Fig 1 Map of sampling sites in the Tuhai-Majia River water system (S1: Zhongbei; S2: Weiwan; S3: Lijiaqiao; S4: Dashanzhen; S5: 
estuary of Majia River; S6: Xinxian; S7: Liaocheng; S8: Yucheng; S9: estuary of Tuhai River) 
2.2 Sample extraction 
Frozen sediment samples were dried using a freeze-drying apparatus. Prior to extraction, these samples 
were ground into granular powder and passed through a 100-mesh sieve, then homogenized. Extraction 
was based on the modified procedure involving US EPA methods 3545 (pressurized fluid extraction), 
3630C (silica gel cleanup), and 3660B (sulphur cleanup). In brief, mashed samples were first mixed with 
anhydrous sodium sulphate at a weight ratio of 5:1, and then with activated copper sheets in a ratio of 
about 1:1, to desulfurize the extract. The mixtures were extracted by accelerated solvent extraction 
(ASE300, Dionex, Sunnyvale, CA) with n-hexane/dichloromethane (1:1 by volume) for 10 min (two static 
cycles). Extraction temperature was set at 125℃ and pressure at 1,500 psi. 
Extracts of the sediment samples were reduced to about 2mL using a rotary evaporator, and then 
purified by a silica gel column packed with anhydrous sodium sulphate. The column was first rinsed with 
10mL n-hexane solvent to remove non-PAHs impurities, such as aliphatic hydrocarbons. Then the column 
was rinsed with 15mL mixed solvent of dichloromethane and n-hexane (1:1, v/v). The second eluate 
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containing PAH was collected and concentrated using a rotary evaporator. The effluent was then reduced 
to about 0.5mL under a stream of purified N2 in KD vessels, and adjusted to 1.0mL by hexane for GC-MS 
analysis. 
2.3 PAHs analyses 
All of the extracted samples were analyzed using a Hewlett-Packard 6890 Gas Chromatograph (GC) 
connected to a Hewlett-Packard 5973 N Mass Selective Detector (MSD) (Agilent, Wilmington, DE). The 
chromatographic column was a 30m, 0.25 mm inner diameter, 0.25 lm film thickness HP-5MS capillary 
column (#19091s-433, Agilent, J and W Scientific, Folsom, CA). Helium was used as the carrier gas at a 
constant flow rate of 1mL·min-1. The oven temperature was ramped from 60 to 260℃at 6℃·min-1, and 
then held for 15min. The MSD was operated in the electron impact mode at 70 eV. Ion source temperature 
was held at 280℃. The mass spectra were recorded at a scan mode covering the range of 45–400 mass 
units for sediment samples. Quantification was performed by the external standard method with a 16 
PAHs standard mixture (PPH-10JM, Chem Service Inc., West Chester, PA). Retention time and the 
identity of PAHs were also confirmed by this standard. GC/MS data were acquired and processed using 
an Enhanced ChemStation (HPG1701CA, Agilent, Wilmington, DE). The 16 PAHs detected in sequence 
were as follows: naphthalene (Nap), acenaphthylene (Ace), acenaphthene (Acp), fluorene (Fl), 
phenanthrene (Phe), anthracene (An), fluoranthene (Flu), pyrene (Pyr), benz[a]anthracene (BaA), 
chrysene (Chr), benzo[b]fluoranthene (BbF), benzo[k]fluoranthene (BkF), benzo[a]pyrene (BaP), 
indeno[1,2,3-cd]pyrene (InP), dibenzo-[a,h]anthracene (DbA), benzo[ghi]perylene (BghiP). 
2.4 Analytical quality control 
All data were subjected to strict quality control procedures. Naphthalene-d8, acenaphthylene-d10, 
phenanthrene-d10, chrysene-d12 and perylene-d12 were used as surrogates, and their recoveries were 49.4
±8.4%, 80.3±10.6%, 91.5±12.2%, 77.0±8.6% and 76.3±10.1%, respectively. The limit of detection 
ranged from 1.5ng/g to 17.3ng/g. The results showed that the level of precision in the sample analysis was 
generally satisfactory. 
3. Results and discussion 
3.1 Concentrations, composition profiles, and distribution pattern 
The concentrations of PAHs measured at different sampling sites are listed in Table 1. It can be seen 
that Ace was not detected in all of the sediment samples. For the Tuhai-Majia River system, the 
concentrations (dry weight) of total PAHs ranged from 311.69 (S5) to 3736.33ng/g (S2), with a mean 
value of 914.40ng/g and a median value of 483.60ng/g. Compared with other water systems in the Haihe 
River basin, these values were  considerably higher than the total PAHs concentrations measured in 
sediment from the Luan River water system (which ranged from 20.98 to 287.0ng/g [15]), and lower than 
those measured in the Haihe River of Tianjin section (which ranged from 774.8 to 255371.91ng/g [13]). 
These results could be attributed to the fact that Tianjin was an old and established industrial city with the 
largest port in north China, while the Luan River largely served a  mountainous area where it was 
primarily utilized for agriculture. Thus, PAHs concentrations  appear to be consistent with the respective 
regions’ degree of industrialization.  
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Table 1 Concentrations of PAHs in sediment from the Tuhai-Majia River system 
 Majia River Tuhai River Tuhai-Majia River system 
 range mean median CV DR Range mean median CV DR range mean median CV DR 
Nap 121.20~273.90 179.20 150.70 0.36 1.00 139.20~198.80 163.53 158.08 0.16 1.00 121.20~273.90 172.23 152.10 0.29 1.00 
Ace ND ND ND 0.00 0.00 ND ND ND 0.00 0.00 ND ND ND 0.00 0.00 
Acp ND~27.18 11.98 10.65 0.76 0.60 10.61~13.95 12.21 12.15 0.12 1.00 ND~27.18 12.08 11.67 0.54 0.78 
Fl 17.42~90.09 40.94 35.91 0.71 1.00 23.75~66.47 38.94 32.77 0.49 1.00 17.42~90.09 40.05 35.54 0.59 1.00 
Phe 55.88~373.90 153.48 124.10 0.83 1.00 59.95~197.00 114.08 99.68 0.53 1.00 55.88~373.90 135.97 121.00 0.73 1.00 
An ND~33.56 15.12 10.08 0.82 0.60 ND~16.12 11.76 12.95 0.43 0.75 ND~33.56 13.62 10.98 0.70 0.67 
Flu 17.37~442.90 121.36 35.64 1.49 1.00 18.29~117.80 48.32 28.60 0.96 1.00 17.37~442.90 88.90 30.38 1.54 1.00 
Pyr 15.32~346.80 95.41 24.51 1.49 1.00 16.67~86.49 36.51 21.43 0.92 1.00 15.32~346.80 69.23 22.60 1.55 1.00 
BaA ND~218.90 56.61 11.97 1.63 0.60 ND~38.00 14.81 8.11 1.06 0.50 ND~218.90 38.03 11.22 1.82 0.56 
Chr ND~273.00 72.56 22.27 1.57 0.60 ND~64.32 24.74 14.82 1.08 0.75 ND~273.00 51.31 14.92 1.68 0.67 
BbF ND~349.00 90.18 27.89 1.63 0.60 ND~50.63 30.44 33.07 0.62 0.75 ND~349.00 63.63 32.04 1.71 0.67 
BkF ND~135.70 36.96 11.43 1.51 0.60 ND~25.05 11.88 8.74 0.80 0.50 ND~135.70 25.81 11.43 1.63 0.56 
Bap ND~380.40 95.16 18.64 1.69 0.80 ND~47.30 20.10 14.05 0.93 0.75 ND~380.40 61.80 16.61 1.95 0.78 
DbA ND~315.20 78.38 18.44 1.70 0.60 ND~50.47 19.51 11.29 1.10 0.50 ND~315.20 52.22 17.57 1.92 0.56 
InP ND~107.80 28.17 ND 1.59 0.40 ND~18.19 8.30 ND 0.79 0.25 ND~107.80 19.34 ND 1.74 0.33 
BghiP ND~363.00 93.83 26.25 1.62 0.80 ND~70.85 29.37 20.82 0.99 0.75 ND~363.00 65.18 26.25 1.75 0.78 
∑PAHs 311.69~3736.33 1174.33 611.22 1.23 1.00 380.08~1031.64 589.48 473.11 0.51 1.00 311.69~3736.33 914.40 483.60 1.19 1.00 
CV: coefficient of variation; ND: not detectable; DR: detection rate 
 
With the exception of  Nap and Ace, the coefficients of variation (CV) measured for the  PAHs ranged 
from 54% to 195% (Table 1), suggesting great variations in the concentrations of PAHs at different sites. 
In the Tuhai-Majia River system, most stations were dominated by Nap, Phe and Flu, and the mean 
concentrations of the three PAHs were measured at 172.23ng/g, 135.97ng/g and 88.90ng/g, respectively. 
The concentrations of Pyr, BbF, BaP, DbA and BghiP were significant at Weiwan (S2). On average, 2-, 3-, 
4-, 5- and 6-ring PAHs consisted of 30.19%, 28.48%, 20.22%, 14.73% and 6.38% of total PAHs, 
respectively. The patterns of PAH compounds identified at most sampling sites (S1, S3, S5, S7, S8 and S9) 
were mainly composed of 2- and 3-PAHs, which is consistent with measurements collected from the Jialu 
River [17]. Weiwan (S2) was mainly composed by 5- and 6-ring PAHs, while Danshanzhen (S4) and 
Xinxian (S6) had a relatively balanced composition (Fig.2).  
 
1306  F. Liu et al. / Procedia Environmental Sciences 13 (2012) 1301 – 1314 F. Liu et al./ Procedia Environmental Sciences 8 (2011) 1328–1341 1333 
 
 
Fig. 2 Composition pattern of PAHs in the Tuhai-Majia River system 
The highest PAHs concentration was found at Weiwan (S2), indicating the existence of signficant 
pollution sources at this location. Weiwan is considered to be a convenient village geographically, as the 
Beijing-Hangzhou Grand Canal, Beijing-Kowloon Railway, and two province highways travel through 
the village. Additionally, there is an international airport nearby. As a convenient travel location, Weiwan 
has also attracted small-scale industrial growth. In 2008, the city housed more than 450 rural, self-
employed industrial and commercial households, in addition to more than 30 small private enterprises. 
These small industrial businesses combined with the high degree of traffic could be responsible for the 
high PAHs concentration identified in samples collected from here. Xinxian (S6), with the second highest 
concentration of total PAHs (Fig.3), is home to an oil extraction factory   and an industrialsector. Human 
sewage and industrial wastewater are discharged routinely into Tuhai River, which could be responsible 
for the high concentrations of PAHs measured at nearby sampling locations. The lowest PAHs levels were 
detected at the estuaries (S5 and S9), of which both are located in rural areas with small populations. With 
no cities or high levels of human impact, there were almost no direct PAHs discharges associated with 
industrial use, traffic, and combustion.  
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Fig. 3 Concentrations of total PAHs in sediment of Tuhai-Majia River system 
 
In comparing the concentrations of total PAHs measured at sampling sites located in city zones，rural 
areas, and estuaries (Fig.4), the estuaries demonstrated  the lowest pollution levels. This is consistent with 
pollutant concentrations  measured in river systems of the Haihe River basin, such as the Luan River [15].  
Common characteristics were also seen among the estuaries located in this system, where there was little 
PAHs input from the upstream sources. Secondly, all of the estuaries in this system were located in rural 
areas with smaller populations, resulting in little input of PAHs from the discharge of industrial and urban 
waste water or the emission of waste gas from traffic. These trends were different from the distribution 
patterns documented in the Pearl River [18] and Yangtze River [19], where the concentrations of total 
PAHs measured in estuaries were relatively high. The two estuaries from these studies were located at 
open coastal economic areas with higher populations. Fig. 4 demonstrates that the concentrations of total 
PAHs measured in urban zones were higher than those measured in rural areas, which is not consistent 
with results reported from the Luan River [15]. This inconsistency could be due to the fact that there were 
no large industrial cities in the Tuhai-Majia River system, whereas Weiwan and Dashanzhen were found 
to be convenient for high volumes of traffic. This geographic convenience led to the construction of a 
small-scale industrial sector, which could account for the migration of pollution from big cities to rural 
areas. 
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Fig. 4 Contrast of the PAHs in different regions of the Tuhai-Majia River system 
3.2 Ecological risk 
PAHs always occur in sediment as a complex mixture of compounds, leading to cumulative effects on 
the ecological environment [20]. Thus, the PAHs in sediment pose a potential risk for aquatic ecosystems, 
and the ecological risk assessment has been shown to be a useful tool in characterizing the risk of PAHs to 
surrounding organisms and ecosystems [21]. Kalf et al. proposed assessing the ecological risk of organic 
substances by using risk quotient (RQ) in 1997, and Cao et al. improved the method by introducing the 
toxic equivalency factors in 2010.  This new method was proven to be more accurate and scientific [15], 
and was used here to assess the ecological risk of PAHs in sediment from the Tuhai-Majia River system. 
The levels of risk posed by certain PAHs were characterized by risk quotients (RQ), which were 
calculated as follows:  
RQ=CPAHs/CQV                                                                                                                                (1) 
where CPAHs is the concentration of certain PAHs in the medium and CQV is the corresponding quality 
values of certain PAHs in the medium [22]. In the present study, the negligible concentrations (NCs) and 
the maximum permissible concentrations (MPCs) of PAHs in water, sediment, and bank soil as reported 
by Kalf et al. were used as the quality values. MPCs refer to the concentration of pollutants above which 
the risk of adverse effects is considered unacceptable to ecosystems, and NCs refer to the concentration in 
the environment below which the occurrence of adverse effects is considered to be negligible [23]. 
Therefore, RQNCs and RQMPCs are defined as follows: 
RQNCs=CPAHs/CQV(NCs)                                                                                                                          (2) 
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RQMPCs=CPAHs/CQV(MPCs)                                                                                                                      (3) 
where CQV(NCs) is the quality value of the NCs of PAHs in the medium, and CQV(MPCs) is the quality value 
of the MPCs of PAHs in the medium. And the RQ∑PAHs, RQ∑PAHs(NCs) and RQ∑PAHs(MPCs) are defined as 
follows:  
RQ∑PAHs=∑RQi    (RQi≥1)                                                                                                                   (4) 
RQ∑PAHs(NCs)=∑RQi(NCs)    (RQi(NCs)≥1)                                                                                                (5) 
RQ∑PAHs(MPCs)=∑RQi(MPCs)    (RQi(MPCs)≥1)                                                                                           (6) 
RQ(NCs) and RQ(MPCs) of individual PAHs which were not less than 1 were assumed to calculate the 
RQ∑PAHs(NCs) and RQ∑PAHs(MPCs) of ∑PAHs in order to fully consider the ecological risk of individual PAHs. 
The NCs and MPCs of individual PAHs measured in the medium of sediment are listed in Table 2, and 
the ecological risk classification is listed in Table 3. RQ (NCs) <1.0 indicated that the single PAHs might be 
of negligible concern, while RQ(MPCs) >1.0 would indicate that the contamination of the single PAHs was 
more severe.  RQ (NCs) >1.0 and RQ(MPCs) <1.0 would indicate that the contamination of the single PAHs 
was found in the middle levels.  
Table 2 NCs and MPCs of individual PAHs in the medium of sediment 
PAHs NCs(ng/g) MPCs(ng/g) PAHs NCs(ng/g) MPCs(ng/g) 
Nap 1.4 140 BaA 3.6 360 
Ace 1.2 120 Chr 107 10700 
Acp 1.2 120 BbF 3.6 360 
Fl 1.2 120 BkF 24 2400 
Phe 5.1 510 BaP 27 2700 
An 1.2 120 DbA 27 2700 
Flu 26 2600 InP 59 5900 
Pyr 1.2 120 BghiP 75 7500 
Table 3 Risk classification of individual PAHs and ∑PAHs  
Individual PAHs ∑PAHs 
 RQ(NCs) RQ (MPCs)  RQ (NCs) RQ (MPCs) 
Risk-free <1  Risk-free 0  
   Low-risk ≥1; <800 0 
Moderate-risk ≥1 <1 Moderate-risk1 ≥800 0 
   Moderate-risk2 <800 ≥1 
High-riks  ≥1 High-risk ≥800 ≥1 
 
As shown in Fig.5, the mean values of RQ(NCs) for most individual PAHs were found to be greater  than 
1.00, with the exception of Ace (not detected), Chr (0.48), InP (0.33) and BghiP (0.87).  The mean values 
of RQ(MPCs) calculated for individual PAHs were less than 1.00, with the exception of Nap (1.23). That 
was to say Nap showed a high level of ecological risk, while Ace, Chr, InP, and BghiP were at the risk-
free level. The other 12 kinds of PAHs showed a moderate ecological risk. But RQ(MPCs) of Pyr at Weiwan 
was higher than 1.00, so both Nap and Pyr were determined to represent a high risk level at Weiwan. 
Though low molecular PAHs are less mutagenic and carcinogenic than high molecular PAHs, it can be 
seen from Fig.5 that the ecosystem risk associated with low and moderate molecular PAHs is actually 
very high. Therefore, additional investigation should be conducted into the sources of these PAHs, while 
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control measures and remedial actions should be implemented to decrease the contamination associated 
with 2-, 3- and 4-ring PAHs. 
 
 
Fig.5 RQ(NCs) and RQ(MPCs) of single PAHs in sediment of the Tuhai-Majia River system 
 
The RQ∑PAHs(NCs) and the RQ∑PAHs(MPCs) calculated for different sites are illustrated in Fig.6. Most of the 
RQ∑PAHs(NCs) were found to be greater than 1.00 and less than 800.00, with the exception of the 
RQ∑PAHs(NCs)  calculated at Weiwan (903.24). In comparison, most of the RQ∑PAHs(MPCs) were found to be 
greater than 1.00 while RQ∑PAHs(MPCs) calculated for Lijiaqiao, Dashanzhen and Liaocheng City were 
found to be 0.00. Thus, Lijiaqiao, Dashanzhen, and Liaocheng City were assigned a low ecological risk 
level;  Zhongbei, Xinxian, Yucheng City, and the two estuaries were assigned a moderate risk level; and 
Weiwan was assigned a high risk level. It was obvious that the ecological risk of total PAHs in rural areas 
was higher than that of city zones and estuaries. This finding contrasts with those from the Luan River, 
where urban city zones had a higher ecological risk than rural areas or estuaries [15]. Subsequently, the 
PAHs pollution of rural areas in the Tuahi-Majia River system warrants attention. 
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Fig. 6 RQ(NCs) and RQ(MPCs) of ∑PAHs in sediment of Tuhai-Majia River system 
3.3 Source apportionment 
Characteristic ratios can provide information about the anthropogenic sources of PAHs [24]. According 
to Yunker et al. [25], and also as widely employed by other authors [26-28], the following four PAH 
isomer pair ratios can be used to identify possible sources of PAHs pollution: An/(An+Phe), 
BaA/(BaA+Chr), Flu/(Flu+Pyr) and InP/(InP+BghiP). Ratios were only calculated in samples where the 
PAHs concentrations exceed 10ng/g dry weight [29], and where values close to the detection limits 
produce unreliable ratio data [30]. In this research, An, Phe, Flu, and Pyr were found to have relatively 
higher detection rates, so An/(An+Phe) and Flu/(Flu+Pyr) were chosen to determine the sources of PAHs 
in the sediment from the Tuhai-Majia River system. Because of their different physico-chemical 
properties, they could behave differently in the environment and lead to different ratios [31]. It is 
generally accepted that An/(An+Phe)<0.1 is suggestive of pollution of petroleum origin, while >0.1 
indicates a dominance of combustion (pyrolytic); Flu/(Flu+Pyr)<0.4 implies petroleum-based 
pollutants; >0.5 implies grass, wood, and coal combustion; and the ratios between 0.4 and 0.5 are 
suggestive of liquid fossil fuel combustion such as crude oil [19, 28]. 
The cross plots of values plotted for An/(An+Phe) and Flu/(Flu+Pyr) ratios for nine sediment samples 
are shown in Fig.7. Comparable results were observed between An/(An+Phe) and Flu/(Flu+Pyr) ratios 
measured at Weiwan (S2), Liaocheng City (S7) and Yucheng City (S8). These results suggest a 
predominance of combustion pollutant sources at these locations. An was not detected at Lijiaqiao (S3) or 
the two estuaries (S5 and S9), while the Flu/(Flu+Pyr) ratios were all found to be higher than 0.50, also 
suggesting a combustion pollutant source. Pyrogenic PAHs are frequently formed in high temperature 
combustion processes, such as those associated with industrial emissions and intensive traffic. For 
Liaocheng City and Yucheng City, which were influenced by a high degree of urban and industrial 
activities, the combustion of coal might be the main combustive pollutant source. Lijiaqiao may have also 
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been affected by petroleum combustion to some extent due to its proximity to Dezhou City. The PAHs of 
Weiwan were dominated by the presence of BbF, BaP and BghiP, which are generally used as markers of 
high volumes of traffic [32]. Thus, sample results indicating that traffic emission was the main source of 
pollution in these areas. The two estuaries are located in rural areas with smaller populations, so the main 
source of pollution might be the combustion of coal, wood, and grass by local residents. An/(An+Phe) 
ratios measured at Zhongbei (S1), Dashanzhen (S4) and Xinxian (S6) were lower than 0.10, while the 
Flu/(Flu+Pyr) ratios were higher than 0.50. This suggests a mixture of petroleum and combustion sources. 
The activities of nearby oil fields of the China Petrochemical Corporation could also be contributing to the 
petrogenic PAHs input at Zhongbei and Xinxian. 
 
 
Fig. 7 Cross plots of values of An/(An+Phe) and Flu/(Flu+Pyr) ratios for sediment of Tuhai-Majia River system (     means sites 
where An was not detected) 
For the two parallel rivers, PAHs measured in the upper reaches (S1 and S6) are attributed to two 
mixed sources of pollution: combustion and petroleum; PAHs measured in the middle reaches are 
attributed to the combustion of coal, diesel, and gasoline associated with industrial and traffic activities; 
while PAHs measured in estuaries are mainly attributed to the combustion of coal, wood, and grass. 
4. Conclusion 
Sixteen polycyclic aromatic hydrocarbons (PAHs) were analyzed in surface sediment sampled from 9 
locations in the Tuhai-Majia River system. The concentrations of the 16 PAHs ranged from 311.69 to 
3736.33ng/g dry weight, which demonstrates that the PAHs pollution level is higher than that of Luan 
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River but lower than that of Haihe River. The composition profile showed that lower molecular weight (2-, 
3-, and 4-ring) PAHs are predominant in the sediment. Suburban areas considered to be located 
conveniently for traffic and population growth were shown to be the most polluted areas, while the 
estuaries were shown to be the least polluted. However, we also conclude that could be a migration of 
pollution from cities to rural areas. The ecological risk assessment of 16 PAHs indicated that the 
ecological risk associated with 2-, 3- and 4-ring PAHs is relatively high. The ecological risk assessment of 
the total PAHs measured at different sites showed that the rural area had a higher risk associated with 
these PAHs than the city zones or estuaries. The calculated ratios of selected PAHs suggest that sources of 
PAHs are mixed with petrogenic and pyrolytic inputs at Zhongbei and Xinxian, while the main source of 
pollution for other sampling sites is combustion. 
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